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NAND BASED RESISTIVE SENSE MEMORY 
CELL ARCHITECTURE 

BACKGROUND 

Data storage devices generally operate to store and retrieve 
data in a fast and el?cient manner. Some storage devices 
utilize a semiconductor array of solid-state memory cells to 
store individual bits of data. Such memory cells can be vola 
tile or non-volatile. Volatile memory cells generally retain 
data stored in memory only so long as operational poWer 
continues to be supplied to the device. Non-volatile memory 
cells generally retain data stored in memory even in the 
absence of the application of operational poWer. 

So-called resistive sense memory (RSM) cells can be con 
?gured to have different electrical resistances to store differ 
ent logical states. The resistance of the cells can be subse 
quently detected during a read operation by applying a read 
current and sensing a signal in relation to a voltage drop 
across the cell. Exemplary types of RSM cells include resis 
tive random access memory (RRAM), magnetic random 
access memory (MRAM), and spin-torque transfer random 
access memory (STTRAM or STRAM). 

SUMMARY 

Various embodiments of the present invention are gener 
ally directed to an apparatus generally comprising a semicon 
ductor memory array With non-volatile memory unit cells 
arranged into a NAND block. 

In accordance With some embodiments, the apparatus gen 
erally comprises serially connected memory unit cells to form 
a NAND block, each of the unit cells comprising a resistive 
sense element connected in parallel With a sWitching element. 
The resistive sense elements are connected in series to form a 
?rst serial path, and the sWitching elements are connected in 
series to form a second serial path parallel to the ?rst serial 
path. Each resistive sense element is serially connected to an 
adjacent resistive sense element in the block by a tortuous 
conductive path having a portion that extends substantially 
vertically betWeen said elements to provide operational iso 
lation therefor. 

In accordance With other embodiments, the apparatus gen 
erally comprises serially connected memory unit cells, each 
unit cell comprising a resistive sense element connected in 
parallel With a sWitching element, and ?rst means for con 
necting the unit cells into a NAND block to operationally 
isolate each of the resistive sense elements Within said block. 

These and various other features and advantages Which 
characterize the various embodiments of the present inven 
tion can be understood in vieW of the folloWing detailed 
discussion in vieW of the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a generalized functional representation of an 
exemplary data storage device constructed and operated in 
accordance With various embodiments of the present inven 
tion. 

FIG. 2 shoWs circuitry used to read data from and Write data 
to a memory array of the device of FIG. 1. 

FIG. 3 generally illustrates a manner in Which data may be 
Written to a memory cell of the memory array. 

FIG. 4 generally illustrates a manner in Which data may be 
read from the memory cell of FIG. 3. 
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2 
FIG. 5 shoWs an exemplary construction of a resistive sense 

memory (RSM) cell characterized as a spin-torque transfer 
random access memory (STTRAM or STRAM) cell. 

FIG. 6 shoWs an exemplary construction of a resistive sense 
memory (RSM) cell characterized as a resistive random 
access memory (RRAM) cell. 

FIG. 7 provides a schematic representation of a NAND 
based block of memory cells in accordance With various 
embodiments. 

FIG. 8 provides another schematic arrangement of FIG. 7. 
FIG. 9 provides a corresponding side elevational layout 

representation of the circuitry of FIG. 8. 
FIG. 10 shoWs a portion of the layout representation of 

FIG. 9 in greater detail. 
FIG. 11 provides a top plan representation of the layout of 

FIG. 9. 

DETAILED DESCRIPTION 

FIG. 1 provides a functional block representation of a data 
storage device 100 constructed and operated in accordance 
With various embodiments of the present invention. The data 
storage device is contemplated as comprising a portable non 
volatile memory storage device such as a PCMCIA card or 
USB-style external memory device. It Will be appreciated, 
hoWever, that such characterization of the device 100 is 
merely for purposes of illustration and is not limiting to the 
claimed subject matter. 

Top level control of the device 100 is carried out by a 
suitable controller 102, Which may be a programmable or 
hardWare based microcontroller. The controller 102 commu 
nicates With a host device via a controller interface (I/F) 
circuit 104 and a host I/F circuit 106. Local storage of requi 
site commands, programming, operational data, and the like 
is provided via random access memory (RAM) 108 and read 
only memory (ROM) 110. A buffer 112 serves to temporarily 
store input Write data from the ho st device and readback data 
pending transfer to the host device, as Well as to facilitate 
serialization/deserialization of the data during a transfer 
operation. The buffer can be located in any suitable location, 
including in a portion of the array. 
A memory space is shoWn at 114 to comprise a number of 

memory arrays 116 (denoted Array 0-N), although it Will be 
appreciated that a single array can be utilized as desired. Each 
array 116 preferably comprises a block of semiconductor 
memory of selected storage capacity. Communications 
betWeen the controller 102 and the memory space 114 are 
coordinated via a memory (MEM) UP 118. As desired, on 
the-?y error detection and correction (EDC) encoding and 
decoding operations are carried out during data transfers by 
Way of an EDC block 120, and defect management (DM) 
functions are carried out by block 121. 

While not limiting, in an embodiment the various circuits 
depicted in FIG. 1 are arranged as a single chip set formed on 
one or more semiconductor dies With suitable encapsulation, 
housing and interconnection features (not separately shoWn 
for purposes of clarity). Input poWer to operate the device is 
handled by a suitable poWer management circuit 122 and is 
supplied from a suitable source such as from a battery or AC 
poWer input. PoWer can also be supplied to the device 100 
directly from the host such as through the use of a USB-style 
interface. 
Any number of data storage and transfer protocols can be 

utilized, such as logical block addressing (LBAs) Whereby 
data are arranged and stored in ?xed-size blocks (such as 512 
bytes of user data plus overhead bytes for ECC, sparing and 
header information). Host commands can be issued in terms 
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of LBAs, and the device 100 can carry out a corresponding 
LBA-to-PBA (physical block address) conversion to identify 
and service the associated locations at Which the data are to be 
stored or retrieved. These and other features Will be discussed 
in detail below. 

FIG. 2 provides a generalized representation of selected 
aspects of the memory space 114 of FIG. 1. Data are stored in 
each array as an arrangement of roWs and columns of memory 
cells 124, accessible by various roW (Word) and column (bit) 
lines. The actual con?gurations of the cells and the access 
lines thereto Will depend on the requirements of a given 
application. Generally, hoWever, it Will be appreciated that the 
various control lines Will include enable lines that selectively 
enable and disable the respective Writing and reading of the 
value(s) of the individual cells. 

Control logic 126 receives and transfers data, addressing 
information and control/status values along multi-line bus 
paths 128, 130 and 132, respectively. X and Y decoding 
circuitry 134, 136 provide appropriate sWitching and other 
functions to access the appropriate cells 124. As desired, 
adjacent arrays can be con?gured to share a single Y (roW) 
decoder 136 to reduce RC delay effects along an associated 
Word line. 
A Write circuit 138 represents circuitry elements that oper 

ate to carry out Write operations to Write data to the cells 124, 
and a read circuit 140 correspondingly operates to obtain 
readback data from the cells 124. Local buffering of trans 
ferred data and other values can be provided via one or more 
local registers 144. At this point it Will be appreciated that the 
circuitry of FIG. 2 is merely exemplary in nature, and any 
number of alternative con?gurations can readily be employed 
as desired depending on the requirements of a given applica 
tion. 

The memory cells 124 are characterized as so-called resis 
tive sense memory (RSM) cells. As used herein, RSM cells 
are generally described as cells con?gured to have different 
electrical resistances Which are used to store different logical 
states. The resistance of the cells can be subsequently 
detected during a read operation by applying a read current 
and sensing a signal in relation to a voltage drop across the 
cell. Exemplary types of RSM cells include resistive random 
access memory (RRAM), magnetic random access memory 
(MRAM), spin-torque transfer random access memory 
(STTRAM or STRAM), etc. 

Advantages of RSM cells over other types of non-volatile 
memory cells such as EEPROM and ?ash include the fact that 
no ?oating gate is provided in the cell construction. No erase 
operation is necessary prior to the Writing of neW data to an 
existing set of cells. Rather, RSM cells can be individually 
accessed and Written to any desired logical state (e.g., a “0” or 
“I”) irrespective of the existing state of the RSM cell. Also, 
Write and read poWer consumption requirements are sub stan 
tially reduced, signi?cantly faster Write and read times can be 
achieved, and substantially no Wear degradation is observed 
as compared to erasable cells, Which have a limited Write/ 
erase cycle life. 

Data are Written to the respective RSM memory cells 124 
as generally depicted in FIG. 3. A Write poWer source 146 
applies the necessary input (such as in the form of a current, 
a voltage, a magnetization) to con?gure the memory cell 124 
to a desired state. It can be appreciated that FIG. 3 is merely 
a representative illustration of a bit Write operation. 

The con?guration of the Write poWer source 146, memory 
cell 124, and reference node 148 can be suitably manipulated 
to alloW the Writing of data to the array. Depending on the 
orientation of the applied poWer, the cell 124 may take either 
a relatively loW resistance (RL) or a relatively high resistance 
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4 
(RH). While not limiting, exemplary RL values may be in the 
range of about 100 ohms (Q) or so, Whereas exemplary RH 
values may be in the range of about IOOKQ or so. These 
values are retained by the respective cells until such time that 
the state is changed by a subsequent Write operation. While 
not limiting, in the present example it is contemplated that a 
high resistance value (RH) denotes storage of a logical l by 
the cell 124, and a loW resistance value (RL) denotes storage 
ofa logical 0. 
The logical bit value(s) stored by each cell 124 can be 

determined in a manner such as illustrated by FIG. 4. A read 
poWer source 150 applies an appropriate input (e.g., a 
selected read voltage) to the memory cell 124. The amount of 
read current IR that ?oWs through the cell 124 Will be a 
function of the resistance of the cell (RL or RH, respectively). 
In the case of STRAM, as Well as other types of memory 
con?gurations such as RRAM, the read current magnitude 
Will be generally be signi?cantly loWer than the Write current 
magnitude utilized to set the storage state of the bit. The 
voltage drop across the memory cell (voltage VMC) is sensed 
via path 152 by the positive (+) input of a comparator 154. A 
suitable reference (such as voltage reference VREF) is sup 
plied to the negative (—) input of the comparator 154 from a 
reference source 156. 

The reference voltage VREF is preferably selected such that 
the voltage drop VMC across the memory cell 124 Will be 
loWer than the VREF value When the resistance of the cell is set 
to RL, and Will be higher than the VREF value When the 
resistance of the cell is set to RH. In this Way, the output 
voltage level of the comparator 154 Will indicate the logical 
bit value (0 or 1) stored by the memory cell 124. The reference 
voltage can be generated and supplied externally, or can be 
generated locally using dummy reference cells or a self 
reference operation, as desired. 

FIG. 5 generally illustrates a magnetic tunneling junction 
(MT]) 160 of a selected one of the RSM memory cells 124, 
characterized as an STRAM memory cell. The MT] includes 
tWo ferromagnetic layers 162, 164 separated by an oxide 
barrier layer 166 (such as magnesium oxide, MgO). The 
resistance of the MT] 160 is determined in relation to the 
relative magnetization directions of the ferromagnetic layers 
162, 164: When the magnetization is in the same direction 
(parallel), the MT] is in the loW resistance state (RL); When 
the magnetization is in opposite directions (anti-parallel), the 
MT] is in the high resistance state (RH). 

In some embodiments, the magnetization direction of the 
reference layer 162 is ?xed by coupling to a pinned magne 
tization layer (e.g., a permanent magnet, etc.), and the mag 
netization direction of the free layer 164 can be changed by 
passing a driving current polarized by magnetization in the 
reference layer 162. To read the logic state stored by the MT] 
160, a relatively small current is passed through the MT] 
betWeen a source line (SL) and a bit line (BL). Because of the 
difference betWeen the loW and high resistances of the MT] in 
the respective logical 0 and 1 states, the voltage at the bit line 
Will be different, and this is sensed as set forth above in FIG. 
4. 

FIG. 6 generally illustrates an alternative embodiment of 
the RSM cells 124 in Which an RRAM construction is used. 
An RRAM cell 170 includes opposing electrode layers 172, 
174 and an oxide layer 176. The oxide layer 176 may be 
con?gured to have a nominally high resistance (e.g., RH). The 
resistance of the oxide layer, hoWever, can be loWered (e.g., 
RL) through application of a relatively high Write voltage 
across the RRAM cell 170. Such voltage generates loWer 
resistance paths (?laments) as components of a selected elec 
trode layer 172, 174 migrate into the oxide layer 176. 
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The oxide layer 176 can be restored to its original, higher 
resistance through application of a corresponding voltage of 
opposite polarity. As With the MT] 160 of FIG. 5, the storage 
state of the RRAM cell 170 of FIG. 6 can be read by passing 
a read current from a source line (SL) to a bit line (BL), and 
sensing the resistance of the cell in a manner such as shoWn in 
FIG. 4. 

In some embodiments, each RSM memory cell 124 stores 
a single logical bit value (e.g., 0 or 1) in relation to the 
resistive state of the associated cell. In other embodiments, 
each memory cell 124 is con?gured to store multiple bits. For 
example, a memory cell con?gured to provide four different 
statuses (e.g., four different resistance levels R0 to R3), this 
cell can be used to store tWo bits (e.g., ROIOO; R1:0l ; R2:l 0; 
R3:l 1). More generally, if a memory cell can store 2N differ 
ent statuses, it can be used to store up to N bits. For clarity of 
illustration, the folloWing discussion Will contemplate the use 
of single-bit storage con?guration for the memory cells 124, 
and modi?cations to accommodate multi-bit storage con?gu 
rations Will readily occur to the skilled artisan in vieW thereof. 

FIG. 7 provides a schematic representation of a number of 
RSM cells 124 (cells 1 to N) that have been grouped together 
into a NAND based block 180. Each ofthe RSM cells 124 has 
a corresponding sWitching element 182 connected in parallel 
With the cell. Each sWitching element 182 is characterized as 
a ?eld effect transistor With respective gate (G) 184, source 
(S) 186 and drain (D) 188 regions, although other con?gura 
tions for the sWitching elements can be utilized as desired. For 
reference, the cells 124 are also referred to herein as “resistive 
sense elements.” 

Adjacent sWitching elements 182 share common source/ 
drain regions in the con?guration of FIG. 7. While not limit 
ing, in some embodiments the respective transistors are char 
acterized as n-type MOSFETs Which are normally 
nonconductive from source to drain in a deactivated state, and 
become conductive When a suitable gate control voltage is 
applied. 

Each cell/sWitching element pair 124, 182 is referred to 
herein as a unit cell 190. The unit cells 190 are connected in 
series betWeen a source line (SL) 192 and a bit line (BL) 194. 
This connection arrangement places the RSM cells 124 in a 
?rst serial path betWeen the SL 192 and the BL 194. A second 
serial path betWeen the SL 192 and the BL 194 is formed by 
the sWitching elements 182, With the second serial path in 
parallel With the ?rst path. 
Word lines (WL) 196 denoted WL-1 to WL-N are coupled 

to the respective gates 184 of the sWitching elements 182. In 
some embodiments, the SL 192 and BL 194 extend in parallel 
fashion across the array 116 in a ?rst direction (e.g., the 
y-direction). The WLs 196 extend in parallel fashion across 
the array 116 in a second direction (e. g., the x-direction) 
normal to the ?rst direction. 
Ablock select sWitching element 198, also characterized as 

a ?eld effect transistor, is arranged in series betWeen the unit 
cells 190 and the SL 192. A block select line 199 extends 
across the array 116 in the second direction and is coupled to 
the gate 184 of the block select sWitching element 198. In 
some embodiments, multiple adjacent blocks are arranged 
Within the array 116, each having its oWn sWitching element 
and select line to enable eachblock to be individually selected 
in turn. 
A manner in Which a particular RSM cell 124 can be 

accessed Will noW be described, using the “RSM 1” cell as an 
example. First, the associated block select sWitching element 
198 is asserted by application of a suitable control voltage 
from the block select line 199 to the associated gate 184. This 
places the sWitching element 198 in a conductive state. Word 
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6 
lines WL-2 through WL-N are provided With suitable control 
voltages to place the sWitching elements 182 of the non 
selected unit cells 190 (RSM 2-N) into conductive states. The 
Word line WL-1 remains unactivated, so that the sWitching 
element 182 adjacent RSM 1 remains in a nonconductive 
state. 

To read the resistance state of the RSM 1 cell, a read current 
is passed from the source line SL 192, through the block 
select sWitching element 198, through the RSM 1 cell, and 
through the loWer resistance sWitching elements 182 for cells 
2-N to the bit line 194. A sense ampli?er (such as 154 in FIG. 
4) is connected to the bit line 194 to sense the associated 
resistance of the RSM 1 cell. Each of the resistance values of 
the remaining cells can be sequentially sensed in this manner 
by appropriately con?guring the Word lines 196. 
The resistance of the RSM 1 cell is Written to a desired state 

by maintaining the above select line and Word line con?gu 
ration, and then applying the appropriate current and/ or volt 
age betWeen the source line 192 and the bit line 194. Charge 
pumps or other techniques can be utilized to ensure suf?cient 
voltage is present at the gates 184 of the conductive sWitching 
elements 2-N. In other embodiments, the sWitching elements 
182 can be alternately con?gured to be normally conductive, 
in Which case the Word line for the selected cell (in this case, 
Word line WL-1) is provided With a suitable control voltage to 
render the associated transistor in a non-conductive state 
While the remaining Word lines WL-2 through WL-N are 
unactivated. 
The NAND based arrangement of RSM cells as set forth by 

FIG. 7 provides several advantages over prior arrangements, 
including fast read and Writes, loW poWer consumption, good 
scaling capabilities and increased memory cell densities. It is 
contemplated that unit cell geometries on the order of 4F2 
(2F><2F) can be achieved, Where F is a minimum feature 
dimension of a given manufacturing process. 

FIG. 8 provides another schematic representation for a 
NAND block 200 generally similar to the block 180 of FIG. 7. 
As before, the block 200 includes a number of unit cells 190, 
in this case 8, each comprising an RSM cell 124 in parallel 
With a sWitching element 182. It Will be appreciated that the 
exemplary NAND blocks 180, 200 set forth herein can com 
prise any number of unit cells, including but not limited to an 
entire addressable sector’s Worth of cells, Where a sector 
corresponds to a host level logical block address (LBA), etc. 
For reference, the RSM cells are denoted from R1 to R8. 

FIG. 9 shoWs a corresponding cross-sectional representa 
tion of a portion of a selected array 116 that generally corre 
sponds to the schematic of FIG. 8. Like reference numerals 
are utilized in FIGS. 8-9 to denote corresponding structures. 
A base substrate of semiconductor material is denoted at 210. 
Localized n+ doped regions are identi?ed at 212 to alternately 
form the aforementioned shared source and drain regions 
186, 188 for adjacent sWitching devices 182. Isolated gate 
electrodes 214 span adjacent doped regions 212 to form the 
aforementioned gates 184 of the sWitching devices 182. 
Although not shoWn in FIG. 9, it Will be appreciated that the 
respective Word lines 198 of FIG. 8 are aligned With and 
coupled to the gate electrodes 214. 

Conductive support structures 216 extend upWardly in a 
substantially vertical fashion from each of the doped regions 
212 to substantially horizontal conductive contact structures 
218. Each pair of adjacent structures 216, 218 generally 
forms a t-shaped conductive path, With the contact structures 
218 each forming a “cross-bar” electrode for each t-shaped 
structure. The RSM cells 124 are formed adjacent a ?rst end 
of each of the cross-bar structures 218. Second conductive 
support structures 220 extend upWardly from an opposing 
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second end of each of the cross-bar structures 218, except for 
a last structure 218A at the far right of FIG. 9 adjacent the 
block select transistor 198, Which does not support a second 
conductive support structure 220. 

Third conductive contact structures 222 extend upwardly 
from each RSM cell 124, as shoWn. The third conductive 
contact structures 222 may not be necessary in situations 
Where the heights of the RSM cells are nominally equal to the 
heights of the second conductive support structures 220. A 
second set of substantially horizontal conductive contact 
structures 224 (electrodes) bridge across adjacent ones of the 
second support structures 220 and the RSM cells/third con 
tact structures 124, 222. 

Other con?gurations of the unit cells 190 are readily envi 
sioned and Will occur to the skilled artisan in vieW of the 
present discussion, so the con?guration of FIG. 9 is exem 
plary and not necessarily limiting to the scope of the claimed 
subject matter. Nevertheless, it Will be appreciated that the 
con?guration of FIG. 9 provides n resistive cells 124 (in this 
case, n:8) that are serially connected by n-l (in this case, 
n—l:7) intervening tortuous conductive paths. 

FIG. 10 shoWs a portion of the structure of FIG. 9 in greater 
detail. In FIG. 10, the resistive sense memory cells 124 are 
characterized as taking the RRAM con?guration of FIG. 6, 
although as noted above, other cell con?gurations can be 
utilized. An exemplary one of the tortuous conductive paths is 
denoted in cross-hatch fashion at 226, and includes the ?rst 
and second electrode layers 218, 224 and the second and third 
support structures 220, 224. This path 226 takes a substan 
tially z-shape and connects the loWer RRAM electrode 176 of 
cell 124A to the upper RRAM electrode 172 of cell 124B. 

In this Way, each path 226 has a portion that extends sub 
stantially vertically betWeen adjacent cells to operationally 
isolate the cells one from another, by serving as a high current 
density shielding layer betWeen the adjacent cells. With ref 
erence again to FIG. 9, it Will be noted that each individual 
cell has these conductive isolation layers betWeen itself and 
the respective, immediately adjacent cells in the block 200, 
the isolation layers extending upWardly across and beyond 
the common height of the respective cells. 

FIG. 11 shoWs a top plan representation of the block 200 of 
FIG. 9 in conjunction With additional adjacent blocks 230, 
240 and 250 (respectively denoted as BLOCKS 1-4). Word 
lines 196 WL1-WL8 extend in the x-direction in spaced apart 
relation as shoWn. Block select lines 199 for the BLOCKS 1-4 
also run along the x-direction and can be stacked in the 
vertical direction (With associated isolation layers therebe 
tWeen). Source lines SL 192 and bit lines BL 194 are shoWn 
side-by-side for each of the BLOCKS 1-4, but these can also 
be stacked in the vertical direction as desired. 

It Will noW be appreciated that various embodiments pre 
sented herein provide a number of advantages over the prior 
art. The exemplary architectures of FIGS. 7-10 provide sub 
stantially improves operational isolation of each RSM cell 
124. Only a single RSM cell is coupled to each of the elec 
trode structures 218, so the application of Write currents and/ 
or voltages to a selected RSM cell are not presented to an 
immediately adjacent cell that shares the same electrode as 
the selected cell. 
A vertically extending conductive structure 220 is inter 

posed betWeen each adjacent pair of the RSM cells, Which 
further advantageously serves to shield electrical or magnetic 
?elds applied to a given cell from affecting adjacent cells, as 
Well as serves to provide improved conductivity paths to each 
cell. 

It is to be understood that even though numerous charac 
teristics and advantages of various embodiments of the 
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8 
present invention have been set forth in the foregoing descrip 
tion, together With details of the structure and function of 
various embodiments of the invention, this detailed descrip 
tion is illustrative only, and changes may be made in detail, 
especially in matters of structure and arrangements of parts 
Within the principles of the present invention to the full extent 
indicated by the broad general meaning of the terms in Which 
the appended claims are expressed. 

What is claimed is: 
1. An apparatus comprising a NAND block of non-volatile 

memory unit cells in a semiconductor memory array, each of 
the unit cells comprising a resistive sense element connected 
in parallel With a sWitching element, Wherein the resistive 
sense elements are connected in series to form a ?rst serial 
path and the sWitching elements are connected in series to 
form a second serial path parallel to the ?rst serial path, and 
Wherein each resistive sense element is serially connected to 
an adjacent resistive sense element in the block by a tortuous 
conductive path having a portion that extends substantially 
vertically therebetWeen to provide operational isolation of 
said element, the resistive sense elements of the block each 
having a nominally common height at a selected elevation 
above a base substrate, and the portion of the tortuous path 
that extends substantially vertically betWeen each adjacent 
pair of the resistive sense elements extending upWardly 
across said common height. 

2. The apparatus of claim 1, Wherein the tortuous path 
betWeen each adjacent pair of the resistive sense elements in 
the block has a substantially z-shaped con?guration With a 
?rst substantially horizontal electrode layer coupled to a 
loWer end of a ?rst element of said pair, a second substantially 
horizontal electrode layer coupled to an upper end of a second 
element of said pair, and Wherein said portion that extends 
substantially vertically betWeen said pair is connected 
betWeen the ?rst and second electrode layers. 

3. The apparatus of claim 1, Wherein the resistive sense 
elements are characterized as resistive random access 

memory (RRAM) memory cells. 
4. The apparatus of claim 1, Wherein the resistive sense 

elements are characterized as spin-torque transfer random 
access memory (STRAM) memory cells. 

5. The apparatus of claim 1, Wherein the sWitching ele 
ments are characterized as ?eld effect transistors, and 
Wherein each adjacent pair of said transistors shares a com 
mon source or drain region, respectively, formed in a base 
substrate. 

6. The apparatus of claim 1, Wherein the NAND block 
further comprises a block select sWitching element connected 
in series With the respective ?rst and second serial paths, 
con?gured to selectively establish a conductive path through 
the NAND block from a source line to a bit line. 

7. The apparatus of claim 6, further comprising a plurality 
of spaced apart, substantially parallel Word lines respectively 
connected to the sWitching elements. 

8. The apparatus of claim 7, Wherein a block select line is 
connected to the block select sWitching element to provide a 
control voltage thereto, the block select line nominally par 
allel to the Word lines and nominally perpendicular to the 
respective source and bit lines. 

9. The apparatus of claim 1, Wherein the NAND block is 
characterized as a ?rst NAND block, and Wherein the semi 
conductor memory array further comprises a plurality of 
additional NAND blocks each nominally identical to the ?rst 
NAND block and each individually selectable to access the 
associated resistive sense elements therein, each of the ?rst 
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and plurality of additional NAND blocks connected across a 
common set of Word lines that extend across the semiconduc 
tor memory array. 

10. The apparatus of claim 1, further comprising a base 
substrate on Which the adjacent switching elements are 
formed, each adjacent pair of the switching elements alter 
nately sharing a common source region or drain region 
extending into the base substrate to form the second serial 
path. 

11. The apparatus of claim 10, further comprising: 
a plurality of ?rst conductive support structures each 

extending substantially vertically from an associated 
one of said common source or drain regions in the base 

substrate; and 
a corresponding plurality of substantially horizontal con 

ductive ?rst electrode layers, each said ?rst electrode 
layer coupled to a distal end of an associated one of the 
?rst conductive support structures, Wherein each ?rst 
electrode layer supports a single selected one of the 
resistive sense elements and a second conductive sup 
port structure Which extends substantially vertically 
therefrom, Wherein at least the ?rst electrode layer and 
the second conductive support structure forms the tortu 
ous conductive path. 

12. The apparatus of claim 1, further comprising a control 
ler coupled to the semiconductor memory array Which directs 
an access operation upon a selected unit cell of the NAND 
block to determine a storage state thereof by placing a block 
select sWitching element of the NAND block into a conduc 
tive state, placing the sWitching element of the selected unit 
cell into a non-conductive state While placing the remaining 
sWitching elements of the remaining unit cells into respective 
nonconductive states, and ?oWing a current through the resis 
tive sense element of the selected unit cell from a source line 
to a bit line. 

13. The apparatus of claim 1, Wherein the NAND block is 
formed of n unit cells, and Wherein the NAND block com 
prises a number n-l of said tortuous conductive paths 
betWeen the respective resistive sense elements. 

14. An apparatus, comprising: 
a plural number n of non-volatile memory unit cells in a 

semiconductor memory array, each unit cell comprising 
a resistive sense element connected in parallel With a 
sWitching element; and 

a plural number of n-l tortuous conductive paths inter 
posed betWeen the resistive sense elements, each said 
path comprising a substantially vertically extending 
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conductive structure that extends betWeen the associated 
resistive sense elements to provide operational isolation 
of said elements. 

15. The apparatus of claim 14, Wherein the resistive sense 
elements are characterized as resistive random access 

memory (RRAM) memory cells. 
16. The apparatus of claim 14, Wherein the resistive sense 

elements are characterized as spin-torque transfer random 
access memory (STRAM) memory cells. 

17. The apparatus of claim 14, Wherein the sWitching ele 
ments are characterized as ?eld effect transistors, and 
Wherein each adjacent pair of said transistors shares a com 
mon source or drain region, respectively, formed in a base 
substrate. 

18. A data storage device comprising: 
a non-volatile semiconductor memory array comprising a 

plurality of NAND blocks, each NAND block arranged 
as a plurality of unit cells each having a resistive sense 
element connected in parallel With a sWitching element, 
the resistive sense elements connected in series to form 
a ?rst serial path and the sWitching elements connected 
in series to form a second serial path parallel to the ?rst 
serial path, each resistive sense element serially con 
nected to an adjacent resistive sense element in the block 
by a tortuous conductive path having a portion that 
extends substantially vertically therebetWeen to provide 
operational isolation of said element; and 

a controller coupled to the semiconductor memory array 
Which directs an access operation upon a selected unit 
cell of a selected NAND block to determine a storage 
state thereof by placing a block select sWitching element 
of the selected NAND block into a conductive state, 
placing the sWitching element of the selected unit cell 
into a non-conductive state While placing the remaining 
sWitching elements of the remaining unit cells into 
respective nonconductive states, and ?oWing a current 
through the resistive sense element of the selected unit 
cell from a source line to a bit line. 

19. The data storage device of claim 18, Wherein the 
sWitching elements are characterized as ?eld effect transis 
tors, and Wherein each adjacent pair of said transistors shares 
a common source or drain region, respectively, formed in a 
base substrate. 

20. The data storage device of claim 18, Wherein each 
NAND block is formed of n said unit cells and n-1 said 
conductive tortuous paths. 

* * * * * 


